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(54) Processes for presuming power-transmitted state and for controlling axial thrust in metal 
belt-type continuously variable transmission 



(57) A process for presuming a power-trans mitt eel 
state in a metal belt-type continuously variable transmis- 
sion and for controlling axial thrust in a metal belt-type 
continuously variable transmission wherein it is pre- 
sumed that a vector sum of friction coefficients (iujon) 
and (|i RDN ) of a driven pulley is 0.1 ; a friction coefficient 
(Mrdr) o1 a dr[ve P ullev is °^ and a Miction coefficient 

(1%dr) or (M-sdn) of the one of the P ulle Y s which has a 
smaller winding radius is 0.1 . A speed ratio (i), a number 
(Nj|sj) of rotations of the drive pulley an input torque (T, N ) 
to the drive puHey and an axial thrust (Q DN ) of the driven 
puiley are measured, and the measured values are in- 
troduced into relational equations of the balance of forc- 



es on various portions of a metal belt-type continuously 
variable transmission. In this manner, an axial thrust 
(Q DR ) of the drive pulley, urging forces (E-j) and (E 2 ) be- 
tween the blocks and the pulleys, an axis-axis force FS, 
ring tensions (T-,) and (T 2 ), a friction coefficient (u. TDR ) ! 
a friction coefficient (u, TDN ), a friction coefficient (u. RDN ), 
and a friction coefficient (u. SDR ) or (fx SDN ) of the one ol 
the pulleys which has a larger winding diameter can be 
calculated from the relational equations. Thus, a power- 
transmitted state such as the Iriction coefficient can be 
presumed without actual generation of a slipping be- 
tween a metal belt and a puMey of the metal belt-type 
continuously variable transmission. 
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Description 

The present invention relates to a metal belt-type continuously variable transmission including a metaJ belt reeved 
around a drive pulley and a driven pulley, and more particularly, to a process for presuming a power-transmitted state 
$ in such a metal belt-type continuously variable transmission and a process for controlling the axial thrust using such 
process. 

To determine a friction coefficient u. between a pulley and a block in a metal belt-type continuously variable trans- 
mission, conventionally, as described in Japanese Patent Application Laid-open No. 6-117530, for example, the axia[ 
thrusts of a drive pulley and a driven pulley are gradually decreased while operating the transmission at a given speed 
to ratio, and the friction coefficient u, is calculated according to the following equation based on the axial thrust at a moment 
when slipping is generated between a metal belt and the pulley: 

Q = T cos a/2u_R 

IB 

wherein Q is the axial thrust of a pulley which has slipped; T is the torque of the pulley which has slipped; R is the pitch 
radius of the pulley which has slipped; and a is the inclination angle o1 the V-bevel face of the pulley. 

If an attempt is made to determine the friction coefficient p. using the conventional method, it is necessary to produce 
slipping between the metal belt and the pulley at a predetermined relative speed, and the following problem is encoun- 
20 tered: it is difficult to control the axial thrust of the pulley, so that the slip amount does not exceed a predetermined 
value. In many cases, the slip amount is abruptly increased at the moment when slipping is generated, whereby the 
metal belt and the pulley are fused, resulting in a non-normal friction coefficient, and the metal belt or the like is broken. 

Accordingly, it is an object of the present invention at least in its preferred lorms, to presume a power-transmitted 
state of a metal belt-type continuously variable transmission including presuming a friction coefficient between the 
25 metal belt and the pulley without generation of slipping between the metal belt and the pulley and to prevent slipping 
and wearing of the metal belt based on the presumed friction coefficient. 

According to a first aspect and feature of the present invention, there is provided a process for presuming a power- 
transmitted state in a metal belt-type continuously variable transmission in which a metal belt comprising a terge number 
of blocks supported on rings, is reeved around a drive pulley and a driven pulley, so that a shift ratio is controlled by 
30 changing groove widths of both the pulleys using hydraulic pressure. The process comprises the steps of forming 
relational equations Indicating relationships among the speed ratio between the drive and driven pulleys, the number 
of rotations of the drive pulley, the input torque to the drive pulley, the axial thrust of the drive pulley, the axial thrust of 
the driven puiiey, either one of the urging force between the blocks at the outlet of the drive pulley or the urging force 
between the blocks at the inlet of the drive pulley, the axis-axis force between the drive pulley and the driven pulley 
35 the tension ot the ring at the outlet of the drive pulley, the tension ot the ring at the inlet of the drive pulley, the radial 
component of the friction coefficient between the pulley and the block of the drive pulley the tangent component of the 
friction coefficient between the pulley and the block of the driven pulley, and the radial component of the friction coef- 
ficient between the pulley and the block of the driven pulley. The radial component of the friction coefficient between 
the pulley and the block of the drive pulley is introduced into the relational equations on the assumption that it is a 
40 predetermined value, and a vector sum of the tangent and radial components of the friction coefficient between the 
pulley and the block of the driven pulley is introduced into the relational equations on the assumption that it is a pre- 
determined vaiue. The speed ratio between the drive pulley and the driven pulley, the number of rotations of the drive 
pulley, the input torque to the drive pulley and the axial thrust of the driven pulley are all measured to introduce them 
into the relational equations. The axial thrust of the drive pulley is calculated from the relational equations, 
45 With the above feature, the axial thrust of the drive pulley can be calculated without actually being measured. The 

calculation can be made by measuring only the four values of the speed ratio between the drive and driven pulleys, 
the number of rotations of the drive pulley, the input torque to the drive pulley and the axial thrust of the driven pulley 
Therefore, it is possibleto easily and accurately determine the power-transmitted state of the metal belt-type continuous 
transmission, 

so According to a second aspect and feature of the present invention, preferably in addition to the first feature, there 

is provided a process for presuming a power-transmitted state in a metal belt -type continuously variable transmission, 
comprising the steps of forming relational equations indicating relationships among the speed ratio between the drive 
and driven pulleys, the number of rotations of the drive pulley, the input torque to the drive pulley, the axial thrust of 
the drive pulley, the axial thrust of the driven pulley, either one of the urging force between the blocks at the outlet of 

ss the drive pulley or the urging force between the blocks at the Inlet of the drive pulley, the axis-axis force between the 
drive pulley and the driven pulley, the tension of the ring at the outlet of the drive pulley, the tension of the ring at the 
inlet of the drive pulley, the tangent component of the friction coefficient between the ring and the block of the drive 
pulley, and the tangent component of the friction coefficient between the ring and the block of the driven pulley. The 
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tangent component of the friction coefficient between the ring and the block of the one of the drive pulley and the driven 
pulley which has a smaller winding diameter is introduced into the relational equations on the assumption that it is a 
predetermined value. The speed ratio between the drive pulley and the driven pulley, the number of rotations of the 
drive pulley, the input torque to the- drive pulley and the axial thrust of the driven pulley are measured to place them 
5 into the relational equations, thereby calculating the tension of the rfng at the outlet of the drive pulley the tension of 
the ring at the Inlet of the drive pulley and either one of the urging force between the blocks at the outlet of the drive 
pulley or the urging force between the blocks at the inlet of the drive pulley from the relational equations. 

With the above feature, the tension of the ring at the outlet of the drive pulley, the tension of the ring at the inlet of 
the drive pulley and either one of the urging force between the blocks at the outlet of the drive pulley or the urging force 
10 between the blocks at the inlet of the drive pulley can be calculated without being actually measured, but rather by 
measuring only the four values of the speed ratio between the drive and driven pulleys, the number of rotations of the 
drive pulley, the input torque to the drive pulley and the axial thrust of the driven pulley. Therefore, it is possible to 
easily and accurately determine the power-transmitted state of the metal belt-type continuous transmission. 

According to a third aspect and feature of the present invention, there is provided a process for presuming a power- 
's transmitted state in a metal belt-type continuously variable transmission in which a metal belt comprising a large number 
of blocks supported on rings is reeved around a drive pulley and a driven pulley so that a shift ratio is controlled by 
changing groove widths of both the pulleys using hydraulic pressure. The process comprises the steps of forming 
relational equations indicating relationships among the speed ratio between the drive and driven pulleys, the number 
of rotations of the drive pulley the input torque to the drive pulley, the axial thrust of the drive pulley, the axial thrust of 
20 the driven pulley, either one of the urging force between the blocks at an outlet of the drive pulley or the urging force 
between the blocks at an inlet of the drive pulley the axis-axis force between the drive pulley and the driven pulley 
the tension of the ring at the outlet of the drive pulley, the tension of the ring at the inlet of the drive pulley the tangent 
component of the friction coefficient between the pulley and the block of the drive pulley the tangent component of the 
friction coefficient between the pulley and the block of the driven pulley the radial component of the friction coefficient 
25 between the pulley and the block of the drive pulley, the radial component of the friction coefficient between the pulley 
and the block of the driven pulley the tangent component of the friction coefficient between the ring and the block of 
the drive pulley, and the tangent component of the friction coefficient between the ring and the block of the driven 
pulley. The tangent component of the friction coefficient between the ring and the block of one of the drive pulley and 
the driven pulley, which has a smaller winding diameter is introduced into the relational equations on the assumption 
so that it is a predetermined value. The speed ratio between the drive pulley and the driven pulley, the number of rotations 
ot the drive pulley, the input torque to the drive pulley the axial thrust of the drive pulley, the axial thrust of the driven 
pulley and the axis-axis force between the drive and driven pulleys are measured and also introduced into the relational 
equations, thereby calculating either one of the urging force between the blocks at the outlet of the drive pulley or the 
urging force between the blocks at the inlet of the drive pulley, the tension of the ring at the outlet and the inlet of the 
3B drive pulley, the tangent and radial components of the friction coefficient between the pulley and the block of the drive 
pulley, the tangent and radial components of the friction coefficient between the pulley and the block of the driven 
pulley! and the tangent component of the friction coefficient between the ring and the blockof the one o1 the drive pulley 
and driven pulley, which has a larger winding diameter from the relational equations. 

With the above feature, either one of the urging force of the block at the outlet of the drive pulley or the urging 
40 force of the block at the inlet of the drive pulley, the tension of the ring at the outlet of the drive pulley, the tension of 
the ring at the inlet ot the drive pulley, the tangent and radial components of the friction coefficient between the pulley 
and the block of the drive pulley, the tangent and radial components of the friction coefficient between the pulley and 
the block of the driven pulley, and the tangent component of the friction coefficient between the ring and the block of 
the one of the drive and driven pulleys which has a larger winding diameter can be calculated without being actually 
45 measured by measuring only the six values of the speed ratio between the drive and driven pulleys, the number of 
rotations of the drive pulley, the input torque to the drive pulley, the axiai thrust of the drive pulley the axial thrust of 
the driven pulley and the axis~ax*s force between the drive and driven pulleys. Thus, it is possible to easily and accurately 
grasp the power-transmitted state of the metal belt-type continuous transmission. 

According to a fourth aspect and feature of the present invention, preferrably in addition to the first or second 
so feature, there is provided a process for presuming a power-transmitted state in a metal belt-type continuously variable 
transmission, comprising the steps of forming relational equations indicating relationships among the speed ratio be- 
tween the drive and driven pulleys, the number of rotations of the drive pulley, the input torque to the drive pulley the 
axial thrust of the drive puiiey 1 the axial thrust ot the driven pulley, either one of the urging force between the blocks at 
an outlet of the drive pulley or the urging force between the blocks at an inlet of the drive pulley, the axis-axis lorce 
55 between the drive pulley and the driven pulley, the tension of the ring at the outlet of the drive pulley the tension of the 
ring at the inlet of the drive pulley, the tangent component of the friction coefficient between the puiiey and the block 
of the drive pulley, the tangent component of the friction coefficient between the pulley and the block of the driven 
pulley, the radial component of the friction coefficient between the pulley and the block of the drive pulley, the radial 
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component of the friction coefficient between the pulley and the block of the driven pulley, the tangent component of 
the friction coefficient between the ring and the block of the drive pulley, and the tangent component of the friction 
coefficient between the ring and the block of the driven pulley. The radial component of the friction coefficient between 
the pulley and the block of the drive pulley is introduced into the relational equations on the assumption that it is a 

5 predetermined value; a vector sum of the tangent and radial components of the friction coefficient between the pulley 
and the block of the driven pulley is introduced into the relational equations on the assumption that it is a predetermined 
value; and the tangent component of the friction coefficient between the ring and the block of one of the drive and 
driven pulleys which has a smaller winding diameter s is introduced into the relational equations on the assumption that 
it is a predetermined value. The speed ratio between the drive pulley and the driven pulley the number of rotations of 

10 the drive pulley, the input torque to the drive pulley, and the axial thrust of the driven pulley are measured to introduce 
them into the relational equations. Thereby at least one of the axial thrust of the drive pulley, either one of the urging 
force between the blocks at the outlet of the drive pulley or the urging force between the blocks at the inlet of the drive 
pulley, trie axis-axis force between the drive and driven pulleys, the tensions of the ring at the outlet and the inlet ol 
the drive pulley, the tangent component of the friction coefficient between the pulley and the block of the drive pulley 

75 the tangent and radial components of the friction coefficient between the pulley and the block of the driven pulley, and 
the tangent component of the friction coefficient between the ring and the block ol the one of the drive pulley and driven 
pulley which has a larger winding diameter can be calculated from the relational equations. 

With the above feature, the axial thrust of the drive pulley, either one of the urging forces between the blocks at 
the outlet or inlet of the drive pulley, the axis-axis force between the drive and driven pulleys, the tensions of the ring 

20 at the outlet and the inlet of the drive pulley, the tangent component of the friction coefficient between the pulley and 
the block of the drive pulley, the tangent and radial components of the friction coefficient between the pulley and the 
block of the driven pulley, and the tangent component of the friction coefficient between the ring and the block of the 
one of the drive pulley and driven pulley which has the larger winding diameter, can be calculated without actually 
being measured by measuring only the four vaiues of the speed ratio between the drive and driven pulleys, the number 

25 of rotations of the drive pulley, the input torque to the drive pulley and the axial thrust of the driven pulley Thus, it is 
possible to easily and accurately determine the power-transmitted state of the metal belt-type continuous transmission. 

According to a fifth aspect and feature of the present invention, there is provided a process for controlling the axial 
thrust in a metal belt-type continuously variable transmission using a process for presuming the power-transmitted 
state in the metal belt-type continuously variable transmission having the third or fourth feature described above. The 

50 process comprises the steps of calculating the tangent component and the radial component of the friction coefficient 
between the pulley and the block of a driven pulley, and controlling the axial thrust of the driven pulley based on a 
vector sum of both the components. 

With the above feature, the axial thrust of the driven pulley is controlled based on the calculated friction coefficient 
between the driven pulley and the block and therefore, it is possible to avoid a slipping between the pulley and the 

35 block due to too small an axial thrust and friction between the pulley and the bbck due to a too large of a thrust. 

The above and other objects ! features and advantages of the invention will become apparent from the following 
description of an embodiment of the invention, described by way ol example only taken in conjunction with the ac- 
companying drawings. 

Figs. 1 to 12 illustrate an embodiment of the present invention, wherein: 

40 

Fig. 1 is a schematic diagram of a power transmitting system in a vehicle equipped with a continuously variable 
transmission. 

Fig. 2 is a partially perspective view of a metal belt. 

Fig. 3 is an illustration for explaining the definition o! loads applied to various portions of the continuously variable 
45 transmission and friction coefficients. 

Figs 4A and 4B are diagrams showing loads (including a tangent component) applied to a block. 

Fig. 5 is a diagram showing loads (including a radial component) applied to the block. 

Figs. 6A and 68 are diagrams showing loads (including a tangent component) applied to a ring, 

Figs. 7A and 7B are diagrams showing loads (including a radial component) applied to the ring. 
so Fig 8 is a diagram showing a load applied to a vertical section of a pulley 

Fig. 9 is a graph illustrating calculated vaiues of the total friction coefficient [i DH between a driven pulley and the 

block of the driven pulley. 

Fig. 10 is a graph illustrating calculated values of the radial friction coefficient u. RDR between a drive pulley and the 
block of the drive pulley. 

55 Fig. 11 is a graph illustrating actually measured values and presumed values of the friction coefficient fj. TDN between 

the driven pulley and the block of the driven pulley 

Fig. 12 is a diagram for explaining the concept of an average friotion coefficient. 



& 
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Fig. 1 illustrates schematically the structure of a metal belt-Iype continuously variable transmission T mounted in 
a vehicle. An input shaft 3 is connected to a crankshaft 1 of an engine E through a damper 2 and is also connected to 
a drive shaft 5 of the metal belt-type continuous transmission T through a starting clutch 4. A drive pulley 6 is mounted 
on the drive shaft 5 and Includes a stationary pulley half 7 secured to the drive shaft 5, and a movable pulley halt 8 

5 which is movable toward and away from the stationary pulley half 7. The movable pulley half 8 is biased towards the 
stationary pulley half 7 by hydraulic pressure applied to an oil chamber 9. 

A driven pulley 11 is mounted on a driven shaft 10 disposed in parallel with the drive shaft 5, and includes a 
stationary pulley half 12 secured to the driven shaft 10, and a movable pulley half 13 which ts movable towards and 
away from the stationary pulley half 1 2. The movable pulley half 1 3 is biased towards the stationary pulley half 1 2 by 

10 hydraulic pressure applied to an oil chamber 14. A metal beit 15 comprising a large number of metal blocks 32 each 
supported on a pair of left and right metal rings 31, 31 , is reeved between the drive pulley 6 and the driven pulley 11 
(see Fig. 2). 

A forward drive gear 18 and a rearward drive gear 17 are relatively rotatably carried on the driven shaft 10 and 
are capable of being selectively coupled to the driven shaft 10 by a selector 1 8. Secured to an output shaft 1 9 disposed 

75 in parallel to the driven shaft 10, are a forward driven gear 20 meshed with the forward drive gear 16, and rearward 
driven gear 22 meshed with the rearward drive gear 17 through a rearward idle gear 21. 

The rotation of the output shaft 1 9 is inputted through a final driven gear 23 and a final driven gear 24, to a differential 
25 and transmitted therefrom through left and right axles 26, 26 to driven wheels W, W. 

A driving force from an engine E is transmitted to the driven shaft 10 through the crankshaft 1 , the damper 2, the 

20 input shaft 3, the starting clutch 4, the drive shaft 5, the drive pulley 6, the metal belt 15 and the driven pulley 11 . When 
a forward travel range has been selected, the driving force from the driven shaft 10 is transmitted to the output shaft 
1 9 through the forward drive gear 16 and the forward driven gear 20 to cause the forward traveling of the vehicie. When 
a rearward travel range has been selected, the driving force from the driven shaft 10 is transmitted to the output shaft 
1 9 through the rearward drive gear 17, the rearward idle gear 21 and the rearward driven gear 22 to cause the rearward 

25 traveling of the vehicie. 

During this time, the shift ratio of the metal belt-type continuously variable transmission T is continuously regulated 
by controlling the hydraulic pressure applied to the oil chamber 9 in the drive pulley 6 and the oil chamber 14 in the 
driven pulley 11 of the metal belt-type continuously variable transmission T by a hydraulic pressure control unit U 2j 
which is operated by a command from an electronic control unit U,. More specifically, if the hydraulic pressure applied 

30 to the oil chamber 14 in the driven pulley 11 is increased relative to the hydraulic pressure applied to the oil chamber 
9 in the drive pulley 6, groove width of the driven pulley 1 1 & decreased to increase the effective radius, and in accord- 
ance with this, groove width of the drive pulley 6 is increased to decrease the effective radius. Therefore, the shift ratio 
of the metal belt-type continuously variable transmission T is continuously varied toward a LOW range. Conversely, if 
the hydraulic pressure applied to the oil chamber 9 in the drive pulley 6 is increased relative to the hydraulic pressure 

3S applied to the oil chamber 1 4 in the driven pulley 11 , the groove width of the drive pulley 6 is decreased to increase 
^ e effective radius and in accordance with this, the groove width of the driven pulley 11 is increased to decrease the 
effective radius. Therefore, the shift ratio of the metal belt-type continuously variable transmission T is continuously 
varied toward an OD range. 

The concept of an average friction coefficient will be described with reference to Fig. 12. 

40 Fig. 12 shows the state in which the metai belt has been reeved around the drive pulley and the driven pulley 

wherein the thickness of the metal belt shown in Fig, 12 diagrammatically, represents the magnitude of the tension of 
the metai belt The apparent winding angle of the metai belt is G; the tension of the returning side of the metai belt is 
T i; the tension of the driving side is T 2 ; the friction coefficient between the beit and the pulley is \i; and the angfe 
measured from a point at which the tension of the belt starts to be varied 1rom T 2 is [T. The tension T of the metal belt 

45 is based on an Euler f nctron belt transmission theory according to the following equation (1 ): 

T-T 2 exp(u.r> ( 1 > 

50 The equation (1 ) is established for both of the drive pulley and the driven pulley. 

The transmission of the power between the belt and the pulley is carried out in the range of 0 < 6 < (the range 
in which the tension T of the metal belt is varied) which is called the active arc. in contrast, in the range which is called 
the idle arc and in which the tension T is not varied, the transmission of the power between the beit and the pulley is 
not carried out. Using the equation (1), the tension of the returning side of the metai belt is given according to an 

55 equation (2): 
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T 1 = T 2 exp([ipe) (2) 

in this way, the transmission of the power between the belt and puiley is carried out in the active arc. However, it 
it is considered that the transmission of the power is carried out tn the entire range of the winding angle 9 5 the concept 
of an average friction coefficient u. AV which is an apparent friction coefficient, must be introduced in order to establish 
the following equation (3): 

T 1 =T 2 exp{u. AV e) (3) 

In the equation (3), the average friction coefficient u. AV is given according to the following equation (4): 

u. AV = (1/6) log (T^) = (1/6) log (T SN /R DR T 2 + 1) (4) 

wherein T, N is the input torque to the drive pulley and R DR is the pitch radius of the drive pulley. In a no-load state, u AV 
= 0. In an entire slip state, u. AV = \x. 

The friction coefficient in the description made hereinafter indicates the above-described average friction coefficient 

A technique tor presuming a power-transmitted state of the metal belt-type continuously variable transmission, 
including the friction coefficient between the block of the metal beft and the pulley and the fraction coefficient between 
the ring and the block, will be described beiow. 

Fig. 3 illustrates a metal belt-type continuous transmission in a steady operational state, wherein the meaning of 
characters used in Fig. 3 is as follows: 

£ 1 : the urging force between the blocks at the outlet of the drive pulley (N) 

E 2 : the urging force between the blocks at an inlet of the drive pulley (N) 

T 1 : the tension of the ring at the outlet of the drive pulley (N) 

T 2 : the tension of the ring at the inlet of the drive pulley (N) 

Q 0R : the axial thrust of the drive pulley (N/rad) 

Q Dhl : the axial thrust of the driven pulley (N/rad) 

6 DB : the angle of winding of the metal beit around the drive puifey (rad) 

e DN : the angle of winding of the metal belt around the driven pulley (rad) 

FS: the axis-axis force between the drive pulley and the driven pulley (N) 

ji TDR : the tangent component of the friction coefficient between the pulley and the block in the drive pulley 
^toh- the tangent component ot the friction coefficient between the driven pulley and the block in the driven pulley 
^i RDR ; the radial component of the friction coefficient between the drive pulley and the block in the drive pulley 
u. RDN ; the radiai component of the friction coefficient between the driven pulley and the block in the driven pulley 
u- SDR : the tangent component of the friction coefficient between the ring and the block in the drive pulley 
Msdm : the tangent component of the friction coefficient between the ring and the block in the driven pulley 

Figs. 4A and 4B show only those of forces applied to the block which include a tangent component, wherein 

E: the urging force between the blocks (N) 

P: the urging force between the ring and block (N/rad) 

N: the urging force between the pulley and block (N/rad) 

Fig. 5 shows oniy those of forces applied to the block which include a radial component, wherein 

Q: the axial thrust (N/rad) 

G: the centrifugal force (N/rad) 

a: the inclination angle of a V-bevel face of the pulley (rad) 

Figs, 6A, 6B, 7A and 7B show only those of forces applied to the ring which include a tangent component, and 
only those of such forces which include a radial component, wherein 
T: the ring tension (N) 
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As shown in Fig. 3, the balance relationship derived from Figs. 4A to 78 can be handled in the same equation for 
the drive pulley and the driven pulley by defining the angle p in opposite directions for the drive pulley and the driven 
pulley. 

First, the following equation (5) is derived from the balance relationship of the tangent forces applied the n-th block 
in Figs. 4A and 4B: 

2^ o) + £ (n+1) cos f = £< n) cosf + n/"> (5) 

The following equation (6) is derived from the balance relationship of the radial forces applied to the n-th block in 
Fig. 5; 

« F* n) + %i R *f n) cosa = G in) + 2A/ rt) sina + £* m1 > sin f + E {n) sinf (6) 

The following equation (7) is derived from the balance relationship of the tangent forces applied to the ring in Figs. 
6A and 6B: 



10 



20 



T^cosf ^/" > =7 <n+1> cosf (7) 

25 The following equation (8) is derived from the balance relationship of the radial forces applied to the ring in Figs. 

7A and 7B: 



30 



T^sfnf + 7^ +1) sinf ^ (8) 

The following equation (9) is derived from the balance relationship of the axial thrusts applied to the n-th block in 

Fig. 5: 

35 N (ft) cosa + ^N <n) sina=Q (n) (9) 

if Ap becomes dp on the assumption that the thickness of the block is sufficiently small, the following approximations 
can be obtained: cos dp/2 = 1; sin dp/2 = dp/2; dE ■ dp = 0; and dT - dp = 0. Therefore, equations (5) to (9) can be 
40 rewritten into the following equations (10) to (1 4) which are basic equations for presuming the operational state of the 
metal bett-type continuously variable transmission. 

f = ^P-2» T N (10) 

4S 

P - E - G + 2N(sin a - |x R cos a} (11) 



50 



T = P (13) 



55 .... 

Q = N(cos a + s_i R sin a) U 4 ) 



EP 0 828 096 A2 



to 



15 



20 



25 



35 



40 



55 



Then, the boundary conditions applied for the formation of the basic equations are listed beiow. 
First, the following equations (15) and (16) are established from the fact that the urging forces E between the 
blocks at the opposite ends of chords in Fig. 3 are equal to each other: 

E^E 1 (where p = 0) (15) 

£ = E 2 (where p = e DR - a Dr ,) (16) 

The following equations (17) and (18) are established 1rom the fact that the ring tensions at the opposite ends o1 
the chord are equa^ to each other: 

T = ^ (where p-0) (17) 

T (where p = e DR } = T (where p = 9 QN ) = T 2 (18) 
Axial thrusts Q DR and D DN ofthe drive pulley and the driven pulley are given according to the following aqua! ion (19): 

jf"<2(/W-G,« J^eGW = Q w -(19) 

The input torque T SN (transmitted torque) into the drive pulley is given as a sum of a difference of the urging force 
between the biocks in a pair of chords and a difference of the ring tension according to the following equation (20): 



30 f tN _ , £r c x . , T _ -r ^ (20) 



As can be seen from Fig, 8, an axis-ax?s force FS is given as the sum between axial components applied from the 
blocks to the pulley according to the following equation (21): 

FS = f™ 2{N(fS)($m a~v R cos a)}d£ cos a(| - j8) + 2N({3)n T sin(j3 - 

-(21) 



On basis of the basic equations (1 0) to (1 3) and the boundary conditions (1 4) to (21 ) obtained in the above manner, 
relations required for calculating six friction coefficients |i T0R , ix TDH , u- RD r, Vrdm> I^sdr and i^-sDN* T 1 ( the t ension of the 
ring at the outlet of the drive pulley) and T 2 (the tension of the ring at the inlet of the drive pulley) can be derived from 

45 [ ( a speed ratio : N iN /N OUT! where N lN is the number of rotations of the drive pulley and N OUT is the number of rotations 
of the driven pulley); N, N (the number of rotations of the drive pulley); T IN (the input torque to the drive pulley); Q DR 
(the axial thrust of the drive pulley); 1 Q DN (the axial thrust of the driven pulley); (the urging force between the blocks 
at the outlet of the drive pulley); and FS (the axis-axis force between the drive pulley and driven pulley). One of E-, and 
E 2 (the urging force between blocks in the chord to which the driving force of the metal belt 15 }$ not transmitted) is 0 

50 (zero). When E , = 0, E 2 Is used in place of B v The mathematical technique required for deriving the above-described 
relational equations is not related to the essential subject of the present invention and hence, the description thereof 
is omitted, 

The i, N iNr Q DR , Q DNj E 1 (or E 2 ) and FS used in the relational equations are measurable and called input variables. 
The ^ ^ TDN; m DR! u.. RDN , [i SOR M-sdn» Ti and T 2 used in the relational equations are difficult to measure and hence, 
called output variables. Thus, the output variables can be calculated by measuring the input variables and applying 
them to the relational equations. 

Using a transmission oil with a friction coefficient regulated by the addition of a predetermined amount of an FM 
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agent thereto, values of the input variables were detected, while the metal belt -type continuous transmission was being 
operated in a plurality of different steady operational states, and values of the output variables wer9 calculated based 
on these input variables. As a result, the following tendencies (1), (2) and (3) were found in the calculated values of 
the output variables: 

5 

(1 ) The tangent friction coefficient u, s {\i SDH or u, SDN } between the ring and the block of the smaller-diameter pulley 
is substantially constant (u^ = 0.1} irrespective of transmitting conditions at a torque ratio r > 0.5, 

(2) The total friction coefficient u^ N between the pulley and the block of the driven pulley is substantially constant 
(ja DN = 0.1 ) irrespective of the transmitting conditions at a torque ratio r > 0.5. 

10 (3) The radial friction coefficient friction coefficient ja RDR between the pulley and the block of the drive puliey is 

substantially constant (,u RDR = 0) irrespective of the transmitting conditions at a torque ratio r > 0.5. 

in the item (1), the term "smaller-diameter pulley" corresponds to the driven pulley in a state in which the speed 

ratio i (N, N is the number of rotations of the drive pulley and N OUT is the number rotations of the driven pulley) is smaller 
is than 1 (a speed-increasing state), and to the drive pulley in a state in which the speed ratio j is equal to or larger than 

1 (a speed-decreasing state). If the current transmission torque is T !N , and the transmittable maximum torque is T tN *. 

the torque ratio r is defined as being T 1N /T^ N *. The torque ratio r > 0,5 corresponds to a practical torque range of the 

metal belt-type continuously variable transmission. 

In the item (2), the total friction coefficient u^ between the puliey and the block is the vector sum total of the 
20 tangent component u. TDN of the friction coefficient between the pulley and the block of the driven pulley and the radial 

component ja RDN of the friction coefficient between the pulley and the block of the driven pulley, and is given according 

to the following equation (22): 

In the above-described experiment, the value of each of u, s = 0. 1 in the item (1 ), u^m = 0.1 in the item (2) and u. RDR 
= 0 in the item (3) is substantially constant irrespective of the operational state of the metal beit-type continuous trans- 
mission, but is varied depending upon the temperature and degree of deterioration of the transmission oil, the amount 
of an additive in the transmission oil and the like. 

Fig. 9 shows results obtained by measuring the values of the input variables while finely varying the speed ratio] 
and the torque ratio _r, and then calculating the total friction coefficients u. DN between the puliey and the block of the 
driven pulley based on such input variables. As is apparent from Fig, 9, u. DN is smaller than a predetermined value 
(0.1) in a range of the torque ratio r smaller than 0.4, butp, DN is substantially equal to the predetermined value (0.1) in 

3& a practical range of the torque ratio r equal to or larger than 0.4. 

Fig. 1 0 shows results obtained by measuring the values of the input variables, while finely varying the speed ratio 
\ and the torque ratio and then calculating the radial friction coefficients u. RDR between the drive puliey and the block 
of the drive pulley based on such input variables. As is apparent from Fig. 10, u. RDR is substantially equal to a prede- 
termined value (0) in the practical range of the torque ratio r equal to or larger than 0.4. 

40 if the total friction coefficients u. DN between the driven pulley and the block of the driven pulley given according to 

the equation (22) is known, one of the tangent component u. TDN of the friction coefficient between the pulley and the 
block of the driven pulley and the radial component u. RDN of the friction coefficient between the puliey and the block of 
the driven pulley can be calculated from the other. 

From the foregoing, ji s of the smaller-diameter pulley, i.e., either one of pq 0R or u. SDN can be treated as a known 

45 value (e.g. , 0.1); either one of u. TDN or u. RDN which are components of the total friction coefficient u, DN (e.g. , 0. 1) between 
the driven pulley and the block of the driven pulley can be treated as the other dependent variable, i.e., u. RDN = (0.1 2 
- ^tdn^ 1/2 or M-tdn = (° I 2 " Hrdn 2 ) 1/2 ; and the rad!al f^ on coefficient u. RDR between the drive pulley and the block 
of the drive pulley can be treated as a known value (e.g., 0). in this way, if the two friction coefficients of the eight output 
variables u. TDR , ^i TDN , u, RDR , u. RDNj n SDR , u. SDNs T 1 and T 2 are known values, and the one friction coefficient of them is 

so the variable dependent on the other friction coefficients, any in place of them, three of the eight input variables i 3 N !N , 
T JN: Q DR > Q DN , E-y (or E 2 ) and FS can be treated as unknown values. 

Thereupon, if the three input variables Q DRj E n (or E 2 ) and FS which are relatively difficult to detect, are treated 
ss the output variables, the remaining five output variables p. SDN (or u- SDR ), |i RDNT u. TDNt T 1 and T 2 and the Q DR , E-, (or 
E £ ) and FS treated as the unknown output variables, can be presumed based on the fact that the remaining five input 

55 variables _i } N, N> T lN , Q DN , E 2 (or E^, the two friction coefficients u. SDR (or u. SDN ) and ^ RDR treated as the known input 
variables "and one of u, TDN or u. RDN are the other dependent variables, and the fact that E 2 or E 1 is 0. 

in the above manner, even if the temperature and degree of deterioration of the transmission oil, the amount of 
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the ad6\t\ve in the transmission oil and the like are varied, the values Q DR| E t {or E 2 ), T 1 , T 2 and FS can be presumed 
from only the operational conditions], M {H , T lN and Q DNt if the values of the Iriction coefficients |_l depending upon such 
varied values are used. 

Fig. 11 shows actually measured values and presumed values of the friction coefficient u, DN between the driven 
5 pulley and the block with respect to the amount of FM agent added to the transmission oil. As apparent from Fig, 11 , 
it can be seen that the value \x DN presumed according to the present invention corresponds with the actually measured 
value u DN extremely well. 

In another embodiment of the present invention, the axial thrust Q DR of the drive pulley can be calculated without 
being measured, by forming the relational equations indicating the relationships of the thirteen variables i, N tNl T m , 

io q DN) q DRj E-, {or E 2 ), T 1f T 2 , FS, ^ RDR jx TDN and u. RDN ; actually measuring four variables j, N m ., T fN and Q ON of these 
thirteen variables; and introducing them into the relational equations on the assumption that fx RDR? the vector sum of 
\i TD$4 and ji R0N = a predetermined value (e.g., 0) and that u^ = a predetermined value (e.g., 0. 1 ). 

In a further embodiment of the present invention, the urging force E 1 (or E 2 ) between the blocks at the outlet of 
the drive pulley, the tension T-, of the ring at the outlet of the drive pulley and the tension T 2 of the ring at the inlet of 

15 the drive pulley can be calculated without being actually measured, by forming the relational equations indicating the 
relationships of the twelve variables i, N, N , T iN) Q DN , Q 0B , E 1 (or E 2 ), T 2 , FS, u. SDR and |i sm ; actually measuring 
four variables i, H m , T iN and Q DN of these twelve variables; and introducing them into the relational equations on the 
assumption that one of u- SDR and \i$ DH - a predetermined value (e.g., 0,1). 

Further, by forming the relational equations indicating the relationships of the sixteen variables j, N, N , T m% Q DN , 

20 Qdr> Ei (or E 2 ), T v J 2 > FS, ^.i TDR , u^tdn. M-rdr s M^dn> ^soR^nd u. SDN ; actually measuring six variables j, N, N , T, N , Q DNi 
Q DR and FS of these sixteen variables; and introducing them into the relational equations on the assumption that one 
of u. SDR or |a. SON = a predetermined value (e.g., 0.1), E 1 (or E 2 ), T v T 2l the other oi jx 3DR or u, SDN , ^ TDRl u^ TDNl u. RDR 
and Mrdn can be calculated at a real time. Therefore, for example, if the friction coefficient u. DN between the driven 
pulley and the block is calculated, the axial thrush Q DN of the driven pulley for preventing the slipping of the metal belt 

2$ on the driven pulley, can be controlled in accordance with such friction coefficient u. DN to prevent the slipping of the 
metai belt. 

In other words, if the safety rate of the thrust, is represented by SF, the axiai thrust Q DU of the driven pulley is given 
according to the following equation: 



30 



T iK , cosot , M 

Q t^^SF (23) 



Therefore, the slipping of the metal belt can be effectively prevented, while avoiding a reduction in durability of the 
metal belt due to the excessive axial thrust Q DN , to enhance the durabiiity, by controlling the axial thrust Q DN of the 
driven pulley In accordance with the friction coefficient u. DJSI between the driven pulley and the block in the equation 
(23). In this case, it is necessary to vary the axial thrust Q DR of the drive pulley in accordance with the axial thrust Q DN 
of the driven pulley so that the shaft ratio is not varied by the variation in axial thrust Q DN of the driven pulley Sf Q DR 
< Q DN in a certain operational state, a presumed value of the friction coefficient u. DN between the driven pulley and the 

40 block can be applied as it is, to control the axial thrust Q DR of the drive pulley. 

Although the present invention has been described in detail, it will be understood that the present invention is not 
limited to the above-described embodiment, and various modifications may be made without departing 1rom the spirit 
and scope of the invention defined In claims. 

For example, ail of Q DR5 E 1 (E 2 ), FS, T 1 , T 2 , u. TDRj u. TDN , U- RDN> u_ SDR (or u. SDN ) need not be calculated, and at least 

4S one of them may be calculated according to the purpose. 



Claims 

so i. A process for presuming a powe retransmitted state in a metal belt-type continuously variable transmission, said 
transmission comprising a metai belt (15) having rings (31) and a plurality of btocks (32) supported on said rings 
(31), a drive pulley (6) and a driven pulley (11), wherein said metal belt (15} is reeved around said drive pulley (6) 
and said driven pulley (11), and wherein a shift ratio is controlled by changing groove widths of both said drive and 
driven pulleys (8, 11) by controlling the hydraulic pressure thereon, said process comprising the steps of; 

55 

forming relational equations indicating relationships between; 
a speed ratio (j) between said drive and driven pulleys, 
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a number (N| N ) of rotations ot said drive pulley, 

an input torque (T, N ) to said drive pulley, 

an axial thrust (Q DR ) of said drive puiley, 

an axial thrust (Q DN ) of said driven pulley, 

one of an urging force (E^ between said blocks at an outlet 

of said drive pulley and an urging force (E 2 ) between said blocks at an inlet of said drive pulley, 
an axis-axis force (FS) between said drive pulley and said driven pulley 
a tension (T t ) of said ring at the outlet of said drive pulley, 
a tension (T 2 ) of said ring at the inlet of said drive pulley, 

a radial component (u. RDR ) of a friction coefficient between said drive puHey and said block ot said drive 
pulley, 

a tangent compound (u. TDN } of a friction coefficient between said driven pulley and said block of said driven 
pulley, and 

a radial component (u- RDN ) of the friction coefficient between said driven pulley and said block of said 
driven puHey; 

introducing the radial component {^ RDR ) of the friction coefficient between said drive pulley and the block of 
said drive puHey into the relational equations on the assumption that the radial component of the friction co- 
efficient Is a predetermined value; 

introducing a vector sum of the tangent component (u, TDN ) and lhe radial component 0i RDN ) of the friction 
coefficient between said driven pulley and said block of said driven pulley into the relational equations on the 
assumption that the vector sum is a predetermined value; 

measuring the speed ratio (i) between said drive pulley and saki driven pulley s the number (N, N ) of rotations 
of said drive pulley the input torque (T, N ) to said drive pulley and the axial thrust {O qh ) of said driven pulley 
to introduce them into the relational equations; 

thereby calculating the axial thrust (Q DR ) of said drive puiley from the relational equations. 

A process for presuming a power-transmitted state in a metal belt-type continuously variable transmission accord- 
ing to Claim 1 , wherein said process comprises the steps of: 

forming relational equations indicating relationships between: 

the speed ratio (i) between said drive and driven pulleys, 
the number {H m } of rotations of said drive pulley 
the input torque (T, N ) to said drive pulley 
the axial thrust (Q DR ) of said drive putfey, 
the axial thrust (Q DN ) of said driven pulley 

one of the urging force (E 1 ) between said blocks at the outlet of said drive pulley and the urging force (E 2 ) 

between said blocks at the inlet of said drive pulley, 

the axis-axis force (FS) between said drive puUey and said driven pulley 

the tension (T^ of said ring at the outlet of said drive pulley 

the tension (T 2 ) of said ring at the inlet of said drive pulley 

a tangent component (ii S0R ) of a friction coefficient between said ring and said block of said drive puhey 
and 

a tangent component {^ QDN ) of a friction coefficient between said ring and said block of said driven puiley: 

introducing the tangent component (u_ SDR or u. SDN ) of the friction coefficient between said ring and said block 
of the one of said drive puiley and said driven pulley which has a smaller winding diameter, into the relationai 
equations on the assumption that the tangent component of the friction coefficient is a predetermined value; 
and 

measuring the speed ratio ffl between said drive pulley and said driven pulley the number (tt m ) of rotations 
of said drive pulley the input torque (T m ) to said drive pulley and the axial thrust (Q DN ) of said driven pulley 
to place them into the relational equations, 

thereby calculating the tension {T^ of said ring at the outlet of said drive pulley the tension (T 2 ) of said ring 
at the inlet of said drive pulley and one of the urging force (E-j) between said blocks at the outlet of said drive 
pulley and the urging force (E 2 ) between said blocks at the inlet of said drive pulley 



A process for presuming a power-transmitted state in a metal belt-type continuousiy variable transmission, said 
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transmission comprising a metal belt (15) having rings (31) and a plurality of blocks (32) supported on said rings 
(31), a drive pulley (6) and a driven pulley (11), wherein said metal belt (15) is reeved around said drive pulley (6) 
and said driven pulley (11), and wherein a shift ratio is controlled by changing groove widths of both said drive and 
driven pulleys (6, 11) by controlling the hydraulic pressure thereof said process comprising the steps of: 

5 

forming relational equations indicating relationships between; 

a speed ratio (i) between said drive and driven pulleys, 
a number (H m ) of rotations of said drive pulley, 
io an input torque (T jN ) to said drive pulley, 

an axial thrust (Q DR ) of said drive pulley, 
an axial thrust (Q DN ) of said driven pulley, 

one oi an urging force (E 1 ) between said blocks at an outlel of said drive pulley and an urging force (£ 2 ) 
between said blocks at an inlet of said drive pulley, 
is an axis-axis force (FS) between said drive puiley and said driven pulley, 

a tension (T^) of said ring at the outlet of said drive pulley, 
a tension (T 2 ) of said ring at the inlet of said drive pulley, 

a tangent component (Mt DR ) of a friction coefficient between said drive pulley and said blockof said drive 
pulley, 

20 a tangent component (mtdn) of a fnctjon coefficient between said driven pulley and said block of said 

driven pulley, 

a radial component (vt RDR ) erf the friction coefficient between said drive pulley and said block of said drive 
pulley, 

a radial component (u, RDN ) of the friction coefficient between said driven pulley and said block of said 
25 driven pulley, 

a tangent component (u. SDR ) of a friction coefficient between said ring and said block of said drive pulley, 
and 

a tangent component {\x$ DN ) of a friction coefficient between said ring and said block of said driven pulley; 

30 introducing the tangent component (u. SDR or u. SDN ) of the friction coefficient between said ring and said block 

of the one of said drive pulley and said driven pulley which has a smaller winding diameter into the relational 
equations on the assumption that the tangent component of the friction coefficient is a predetermined value; 
and 

measuring the speed ratio (i) between said drive pulley and said driven pulley, the number (N, N ) of rotations 
ss of said drive pulley, the input torque (T IN ) to said drive pulley, the axiai thrust (Q DR ) of said drive pulley, the 

axial thrust (Q DN ) of said driven pulley and the axis-axis force (FS) between said drive and driven pulleys to 
introduce them into the relational equations; 

thereby calculating either one of the urging force (E^ between said blocks at the outlet of said drive pulley 
and the urging force (E a > between the blocks at the inlet of said drive pulley, the tensions and T 2 ) oi said 
40 ring at the outlet and the inlet of said drive pulley, the langent and radial components (u. TDR and |x RDR ) oi the 

friction coefficient between said drive pulley and said block of said drive pulley, the tangent and radial com- 
ponents £ji T0N and u. RDN ) of the friction coefficient between said driven pulley and said block of said driven 
pulley, and the tangent component Qi SDR or jx SDN ) of the friction coefficient between said ring and said block 
of the one of sard drive pulley and driven pulley which has a Jarger winding diameter from the relational equa- 
ls lions. 

4. A process for presuming a power-transmitted state in a metal belt-type continuously variable transmission accord- 
ing to Claim 1 or 2, wherein said process comprises the steps of: 

so forming relational equations indicating relationships between: 

the speed ratio (j) between said drive and driven pulleys, 
the number (N iN ) of rotations of said drive pulley, 
the input torque (T IN ) to said drive pulley, 
ss the axiai thrust (Q DR ) of said drive pulley, 

the axial thrust (Q DN ) of said driven pulley, 

one of the urging force (E n ) between said blocks at the outlet of said drive pulley and the urging lorce (E 2 ) 
between said blocks at an inlet of said drive pulley, 
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the axis-axis force (FS) between said drive pulley and said driven pulley, 
the tension (T^ of said ring at the outlet of said drive pulley, 
the tension (T 2 ) of said ring at the inlet of said drive pulley, 

a tangent component (^ TDR ) of the friction coefficient between said drive pulley and said block of said 
drive pulley, 

the tangent component {u. TDN ) of the friction coefficient between said driven pulley and said block of said 
driven pulley 

the radial component (M-rdr) ot the friction coefficient between said drive pulley and said block of said 
drive pulley, 

the radial component (u. RDN ) of the friction coefficient between said driven pulley and said block of said 
driven pulley, 

the tangent component (u, SDR ) of the friction coefficient between said ring and said block of said drive 
pulley, and 

the tangent component (^ S dn) of the Miction coefficient between said ring and said block of said driven 
pulley; 

introducing the radial component (p-bdr) of the frictjon coefficient between said drive pulley and said block of 
said drive pulley into the relational equations on the assumption that the radiai componenl of the friction co- 
efficient is a predetermined value; 

introducing a vector sum ot the tangent and radial components (u, T0N and u. RD ^) of the friction coefficient 
between said driven pulley and said block of said driven pulley into the relational equations on the assumption 
that the vector sum is a predetermined value; 

introducing the tangent component (u. SDR or u, SDN ) of the friction coefficient between said ring and said block 
of the one of said drive and driven pulleys which has a smaller winding diameter into the relational equations 
on the assumption that the tangent component of the friction coefficient is a predetermined value; and 
measuring the speed ratio (j) between said drive pulley and said driven pulley, the number (N lN ) of rotations 
of said drive pulley, the input torque (T !N ) to said drive pulley and the axial thrust (Q DN ) of said driven pulley 
and an axial thrust of said driven pulley and introducing them into the relational equations; 
thereby calculating from the relational equations at least one of the axial thrust (Q DR ) of said drive pulley, one 
of the urging force (E-,) between said blocks at the outlet of said drive pulley and the urging force (E £ ) between 
said blocks at the inlet of said drive pulley, the axis-axis force (FS) between said drive and driven puiieys : the 
tensions (T, and T 2 ) of said ring at the outlet and the inlet of said drive pulley, the tangent component (u. TDR ) 
of the friction coefficient between said drive puiiey and said block of said drive puiley, the tangent and radial 
component (^i TDN and [i mH ) of the friction coefficient between said driven pulley and said block of said driven 
pulley, and the tangent component (jJt SDR or u. SDN ) ot the friction coefficient between said ring and said block 
of the one of said drive pulley and driven pulley which has a larger winding diameter. 

A process for controlling the axial thrust in a metal belt-type continuously variable transmission using the process 
for presuming the power-transmitted state in the metal belt-type continuous transmission according to Claim 3 or 
4, said controlling process including the steps of : 

calculating a tangent component (u, TDN ) and a radial component (u. RDN ) of a friction coefficient between a 
puiley and a block of a driven pulley, and controlling the axial thrust of the driven pulley based on a vector sum of 
both said components {u. TDN and u, RDN ). 

A process lor controlling a metal belMype continuously variable transmission comprising the steps of (a) deter- 
mining the parameters required to form the equations ol any one of claims 1 to 4; (b) performing the process of 
said claim; and (c) controlling said transmission in response to the quantity calculated in step(b). 
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